This study examined the role of brain regions involved in academic self-evaluation in relation to problems with study orientation. For this purpose, 48 participants between ages 14 -20 years evaluated themselves on academic traits sentences in an fMRI session. In addition,
Introduction

Academic choices in adolescence
An important challenge for adolescents is to make future-oriented academic choices that fit with their identity, such as deciding about what courses to take in high school or choosing a study in higher education. Here, the final years of high school are especially an important time for adolescents, as they have to start to think beyond the borders of high school and puzzle over what future academic and/or vocational career they want to pursue after graduation (1) .
This marks the start of an extensive period of planning, exploration and complex career decision-making. Orientation to a future study choice has been found to be one of the most important tasks in the total career decision-making process (2) , as this includes the students" first awareness of the need to make this future-oriented decision and engage in relevant actions that contribute to a deliberate outcome.
To date, studies investigating orientation to a future study choice have focused on the role of various demographic variables, such that being older, being female and having a higher socio-economic background have been associated with more readiness and capacity to engage in the process of future career decision-making (3) . Also specific personality traits have been linked to career orientation and exploration, where higher levels of conscientiousness, extraversion and agreeableness have been shown to relate to more career planning and exploration (4, 5) .
However, a topic that has been relatively understudied in relation to future orientation is how one sees and evaluates themselves and more specifically their competences in an academic or learning context, also known as academic self-concept (6) . Academic selfconcept has been related to many educational outcome variables, such as students" school engagement and interests (7) , motivation (8) , emotions (9) , academic adjustment or wellbeing (10) , and school achievement or performance (11) . However, much less is known about how A C C E P T E D M A N U S C R I P T 3 academic self-concept is connected to making future-oriented academic decisions. It is important to examine the role of academic self-concept in the orientation to future academic choices, as the beliefs individuals have about their traits and competencies in the academic domain could significantly influence their awareness and motivation to engage in the career decision-making process.
A neuroscientific approach to the academic self
Recent studies in the field of neuroscience have shown that neural measures can provide unique additional variance in academic outcomes, over behavioral measures alone.
For example, neural activity during a working memory task has shown to predict measures of school performance such as reading and mathematics two years later (12, 13) . To this end, understanding more about the neural underpinnings of academic self-concept could possibly also benefit our knowledge about the relation between academic self-concept and orientation to making future academic choices. To date, research on the neurological correlates of selfconcept has mostly focused on brain areas related to general self-evaluations. These studies have consistently found that cortical midline structures such as the medial prefrontal cortex (mPFC) are involved in thinking about the self, compared to thinking about traits of others or baseline activation (for reviews, see 14, 15, 16) . Moreover, more specific parts of this brain region have been linked to differences in valence and self-relevance of traits, such that stronger activation in the ventral part of the mPFC (vmPFC) has been related to more positive as well as more self-relevant self-descriptions (17, 18) .
Although the neural correlates of general self-evaluations have been well studied, much less is known about what brain areas are involved in self-descriptions specific to different domains, even though it is well established that self-descriptions become increasingly differentiated upon domain (19, 20) . A few studies that have investigated domain-A C C E P T E D M A N U S C R I P T 4 specific self-concept have shown that a broader network of brain regions is activated according to different domains of self-concept, including posterior cingulate cortex (PCC) related to more external, physical traits; and medial prefrontal cortex (mPFC) associated with more internal, character or competence traits (21, 22) . For the domain of academic selfconcept specifically, a study of van der Cruijsen and colleges (18) found in an adult sample more activation in the precuneus and vmPFC when thinking about academic traits and competencies related to self, relative to evaluating own physical or prosocial traits. These results indicate that the precuneus and vmPFC could play an important role in the domain specificity of academic self-concept.
The current study
The main goal of this study was to examine the relation between behavioral and neural indices of academic self-concept, and orientation to future academic choice. For this purpose, we included a subsample of 48 adolescents that participated in the Leiden Self-Concept study (23) and who reported they were in the final years of high school. In addition to academic self-concept measures, we also tested whether other academic variables, such as academic performance (measured by IQ and a reading fluency test) and the subjective importance of academic traits, would relate in a similar or different way to orientation to future academic choice. This way, we aimed to investigate to what extent academic self-concept could be unique in its relation with future career decision-making.
Behaviorally, we expected that a more positive academic self-concept would be related to having fewer problems with orientation to future academic choice, indicating early awareness and motivation to start the career decision-making process. This hypothesis was based on earlier established relations between academic self-concept and general motivation in school (8, 24) , but no prior study has linked this to orientation to future academic choice.
On a neural level, we expected more activation in vmPFC and precuneus for evaluating academic traits compared to a control task (see also van der Cruijsen et al. (23) for a report in the larger sample). We finally expected that brain activity related to evaluating academic traits could be informative for predicting orientation to future academic choice. We hypothesized that activity in these brain regions would be more pronounced for participants who evaluated themselves more positively on academic traits, and we examined whether these relations would be associated with orientation to future academic choice.
Method
Participants
The present study was part of a larger study (the Leiden Self-Concept study) with 150 participating adolescents in the age range 11 -21 years. The subsample used in the current study comprised 48 participants in the age range 14 -20 years (M age = 16.62; SD = 1.33; 22 males; 26 females) who indicated to be in one of the final years of secondary education (grade 10, 11 or 12). Only these participants completed questionnaires related to study orientation, as this topic is not relevant yet for adolescents who are still in the first few grades of high school or for the ones who already continued with post-secondary education (college or vocational education). Participants were enrolled in different levels of educational programs: Prevocational education or "VMBO", 17%; Higher general continued education or "HAVO", 19%; or Pre-university education or "VWO", 63 %. As the duration of secondary education in the Netherlands is dependent upon the type of program, the final years of high school are differently defined for the different educational tracks. For the VMBO and HAVO program, the final years comprise the final two years (students aged 14 -17 years), whereas for the VWO program these consist of the final three years of high school (students aged 15 -18 A C C E P T E D M A N U S C R I P T 6 years). All participants completed two subtests of the WISC-III or WAIS-III (Similarities and Block Design) in order to obtain an estimation of IQ. Estimated IQ scores fell between 82.5 and 137.5 (M = 109.58, SD = 9.64), and IQ did not correlate with age (r(48) = .05, p =.758).
IQ did differ between school levels (F (2,44) = 8.73, p = .001) with lower IQ scores for participants following the VMBO program compared to participants following the HAVO program (p = .006) and VWO program (p < .001). Written informed consents were provided by the participants themselves or by a parent as well in the case of minors. All participants were screened for MRI contra indications, had normal (or corrected to normal) vision, were fluent in Dutch, and had no neurological or psychiatric impairments. The University Medical Ethics Committee approved the study and its procedures.
Experimental Task
Self-concept was measured with an fMRI task in which participants were presented with short sentences that described positively or negatively valenced traits or competencies in the domains of academics, prosocial skills and physical appearance (for more information and validation of the traits, see (23). For the current study, we focused on the academic domain specifically. In the self-condition, participants were asked to indicate for each trait sentence to what extent the trait applied to them, using a Likert-type 4-point rating scale (1 = not at all, to 4 = completely). Each domain consisted of 20 stimuli, half with positive valence and half with a negative valence, making a total of 60 trait sentences (e.g. "I am smart" or "I think school is hard"). For the control-condition, participants were asked to categorize other traits relating to the same three domains (e.g. "having a good memory") into one of four categories: (1) school, (2) social, (3) physical appearance, or (4) I don"t know. This condition contained 20 traits in total, again equally divided in positive and negative valence.
The stimuli were presented in an optimized pseudorandomized order using Optseq (25) and were separated with a jittered black screen that varied between 0 and 4400ms. Each trial started with a 400ms fixation cross, after which the stimulus was presented for 4600ms, consisting of the trait sentence and response options (1 -4) (see Figure 1) . Participants could respond to the sentence within this timeframe by pressing buttons with the index to little finger of their right hand where after the number of their choice turned from white to yellow for the remaining stimulus time. If the participant failed to respond within the 4600ms, they were shown the phrase "Too late!" for 1000ms. These trials were modeled separately and were not included in the analysis, and occurred on less than 0.7% of the trials in the self-condition and on less than 0.4 % in the control-condition. Example of a trial in the Self and the Control condition. Each trial started with a black screen with a jittered duration between 0 and 4400ms. Subsequently, a fixation cross was shown for 400ms after which the stimulus was presented. In the self-condition, participants rated on a scale of 1 to 4 to what extent the traits fit themselves. In the control-condition, participants categorized the trait sentences into one of four options. The stimulus was shown for 4600ms. If participants responded within this timeframe, the number of their choice would turn yellow. If participants failed to respond within this timeframe, a screen with the phrase 'Too Late!' was shown for an additional 100ms after which the next trial would start.
Materials
Importance: After the scanning session, participants were asked to rate the same 60 trait sentences on importance of possessing these traits. They could indicate importance on a scale of 1 (It is very important to me to not have this trait) to 5 (It is very important to me to have this trait). Scores for the negative traits were recoded and merged with the positive traits, so that a higher combined score indicated a general positivity score for importance.
Orientation to study choice: We used the subscale "orientation to choice" of the Study Choice Task Inventory (SCTI; (26) . This 12-item questionnaire measures the extent to which adolescents are aware of the need to make a decision for a study in higher education and their motivation to do so. An example of an item is "I seldom think about what I will study". Answers were given on a 9-point Likert scale ranging from 1 ("does not describe me at all") to 9 ("describes me very well"). The scale was reliable according to a Cronbach"s alpha of .89. Counter indicative items were recoded so that higher scores indicated more problems with orientation to study choice.
Reading:
Reading skills were measured with a reading fluency task, called the "Three-Minute-Test" (27) . In this task, participants received a list of Dutch words and were instructed to read the words aloud as clearly and quickly as possible in 1 min. The total score is defined as the number of correct words read minus the number of incorrect words. The Three-Minute-Test has good validity and reliability with a Cronbach"s alpha of .96.
Procedure
Participants were given an extensive explanation and practice session in a mock scanner to familiarize them with the procedure of an MRI scan. Before scanning, participants received instructions about the self-concept tasks and performed 9 practice trials for each condition.
Anonymity was emphasized and participants were encouraged to honestly describe how they thought about themselves and ask questions if they did not understand the meaning of a trait adjective.
MRI data acquisition
MRI scans were acquired on a Philips 3T MRI scanner, using a standard whole-head coil.
Functional scans were collected in two runs with T2*-weighted echo-planar imaging (EPI)
The first two volumes were discarded to allow for equilibration of T1 saturation effect.
Volumes covered the whole brain (TR = 2200 msec, TE = 30 msec, sequential acquisition, 37 slices of 2.75 mm, FOV = 220 x 220 x 111.65 mm). After the functional scans, a highresolution 3D T1 scan was obtained as anatomical reference (TR = shortest msec, TE = 4.6 msec, 140 slices, voxel size = 0.875 mm, FOV = 224 x 178.5 x 168 mm). Sentences were projected on a screen behind the scanner and could be viewed through a mirror attached to the head coil. Head movement was restricted by placing foam inserts inside the coil.
MRI data analyses
MRI data were preprocessed and analyzed with SPM8 (Wellcome Department of Cognitive Neurology, London). Images were corrected for slice-timing acquisition and differences in rigid body motion. The normalization algorithm used a 12-parameter affine transformation together with a nonlinear transformation involving cosine basis functions and resampled the volumes to 3 mm cubic voxels. Templates were based on the MNI305 stereotaxic space (28) . Functional volumes were spatially smoothed using a 6 mm FWHM isotropic Gaussian kernel.
Individual participants' data were analyzed using the general linear model in SPM8.
The fMRI time series were modelled as a series of zero duration events convolved with the
hemodynamic response function (HRF). Modelled events of interest for the self-task were: "Academic-Positive" and "Academic-Negative". For the control-task, we used one event of interest ("Control") that was collapsed across domains and valences. Trials on which participants failed to respond were modelled as covariate of no interest and were excluded from further analyses. The events were used as covariates in a general linear model, along with a basic set of cosine functions that high-pass filtered the data. Six motion regressors were added to the model. The resulting contrast images, computed on a subject-by-subject basis, were submitted to group analyses.
At the group level, we compared academic trials (collapsed across valences) to the control trials using a one sample t-test for the contrast Academic-Self > Control. For all analyses, we applied FDR cluster level correction (p < .05) at an initial uncorrected threshold of p < .001, as implemented in SPM8. The general contrast Academic-Self > Control was also Table 1 As can be seen in Table 1 , academic self positivity was significantly correlated with academic importance and problems with future orientation, but not with IQ and reading. In addition, academic importance was correlated with IQ and reading. IQ and reading were also inter-correlated. These findings suggest that there are partly overlapping, and partly separable relations between these measures of academic self-concept, performance and problems with future orientation to study choice. Next, we performed a multiple regression analysis including all academic variables as predictors and future orientation to study choice as dependent variable to test whether academic self-concept could be viewed as a more important predictor in this relationship. Results showed that only academic self-concept significantly predicted problems with future orientation (β = -.33, p = .042) thereby indicating that academic self-concept could be a more important predictor for future orientation to study choice compared to academic importance or performance.
Behavioral measures
To further examine these distinct relations, we checked whether the 5 academic number of factors, an initial PCA analysis with varimax rotation was conducted. The parallel analysis indicated that two factors should be retained. The two factors together explained 61.68% of the total variance. The variables IQ, reading, and academic importance together loaded high on one factor, whereas academic self positivity and problems with orientation to study choice loaded on another factor. This suggests two separate academic constructs; one related more to academic performance and the other embodying academic self-concept and motivation. The specific factor loadings can be found in Table 2 . Note: * = p < .05; ** = p < .01. 
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Whole brain contrasts and regressions
To test for the neural correlates of academic self-concept, we first tested at the whole brain level whether we could find similar results compared to the previous findings within the larger sample (N = 150; van der Cruijsen et al., (23) in the current subsample (whole brain contrast), and whether there were relations with academic self-concept ratings and problems with orientation to study choice (whole brain regression).
First, we examined the brain regions that were involved in evaluating academic traits.
Consistent with results reported in van der Cruijsen et al. (23), in the current subsample of adolescents (N = 48), the contrast Academic-Self > Control resulted in increased activity in mPFC (see Figure 2A and Table 3 ). Next, we tested for additional relations with academic self positivity in the contrast Academic-Self > Control, by means of a whole brain regression analysis. This resulted in positive correlations between academic self positivity and Academic-Self > Control in the precuneus (see Figure 2B ) and right temporal lobe (see Table   ACCEPTED MANUSCRIPT Figure 2B , adolescents who rated their academic self-concept more positively showed greater activation in a posterior subsection of the precuneus. We conducted a similar whole brain regression analysis with problems with orientation to study choice as regressor variable, but this did not result in significant clusters of activation. 
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Table 3 Regions activated during the target contrasts
Names were based on the Automatic Anatomical Labeling (AAL) atlas.
Post hoc ROI analyses
To further explore how brain regions involved in academic self-concept were related to having problems with making future-oriented study choices, we extracted two ROIs of the mPFC and precuneus and related activity in these ROIs to the behavioral measures (see Table   4 ). To test whether any of these effects were valance specific, all correlation analyses were also performed for positive and negative academic items separately. The correlation between activity for positive and negative traits was .75 in mPFC and .82 in precuneus. ACCEPTED MANUSCRIPT Next, we examined whether neural activity for academic self-concept could possibly mediate the relation between academic self positivity and problems with orientation to study choice, using the methods developed by Hayes (31) . As mPFC activity did not correlate with any of the behavioral measures, we only used precuneus activity for these mediation analyses.
Region
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We tested three mediation models with precuneus activity from the contrast Moreover, with the inclusion of precuneus activity in the model, the direct path from academic self positivity to problems with orientation was no longer significant (see Figure 3) .
Thus, a more positive academic self-concept was associated with more precuneus activity for 
Discussion
In this study, we combined behavioral indices and neural correlates of academic self-concept and related these outcomes to the awareness and motivation of adolescents to start engaging in the educational decision-making process. Results revealed three main findings. First, academic self-concept was a better predictor for orientation to future academic choice compared to subjective academic importance or performance. Specifically, this relation indicated that a more positive academic self-concept was associated with fewer problems with future orientation. Second, similar to prior research of van der Cruijsen et al. (23) we showed increased activation in the mPFC for evaluating academic self-traits compared to a baseline
task, in a smaller subsample. In addition, we found posterior precuneus activity in relation with more positive self-ratings. Third, precuneus activity specifically mediated the relation between academic self-concept and problems with orientation to future academic choice. The discussion is organized alongside the line of these findings.
The relation between academic predictors and future orientation
The choice of a postsecondary study can be described as a major educational decision with far-reaching consequences and implications for students" future careers (32) . Many individual factors have been found to play an important role in the complex decision-making process, leading to this final choice. Here we tested the contribution of self-evaluations in the academic domain to problems adolescents can experience with the start of the orientation process, and how this contribution might differ from other academic and self-concept measures, such as academic performance and the subjective importance given to academic traits. Results showed that academic self-concept and academic performance can be viewed as two different, independent constructs with possible distinct relations with study orientation.
As future orientation marks the start of the awareness and motivation of adolescents towards orienting themselves towards options after high school, this could also be viewed as a form of "academic motivation for the future" or motivation based on the expectation of long-term rewards (33) . Research on academic motivation has shown relations with academic selfconcept as well as academic performance (6, 8, 34) . However, most studies investigated these relationships separately, focusing on academic performance as outcome variable. The few studies that focused on academic self-concept and motivation found the two to be strongly related, where motivation served as a mediator between academic self-concept and performance (34) . In addition, studies investigating differences between academic selfconcept and a related construct of self-beliefs, self-efficacy (the confidence in one"s own
abilities to perform a certain task successfully), showed that academic self-concept was a better predictor for motivation, whereas self-efficacy was a better predictor for academic performance (24, 35) . Our results fit with this line of research, showing that academic selfconcept was a more important predictor for problems with study orientation than academic performance. In other words, the way adolescents evaluate their academic traits and skills in the past and the present is related to how they feel about engaging in orientation for a career in the future. However, to make definite conclusions regarding the sequential nature of selfevaluations involved in the process of orienting towards a study in higher education, longitudinal research is needed.
Interestingly, the subjective importance given to academic traits was not correlated to future orientation. This is surprising, as the extent to which a trait or self-view is considered to be important has been related to personal goals and motivation (36) . In this light, one would expect that giving more emphasis to traits such as doing well in school, would also result in more motivation to start the orientation process for a suitable major in higher education. More research is needed in order to understand the relation between importance and future orientation. Possibly, academic importance ratings are less important than expected, or the current sample was too small to reveal this relation.
Together, these behavioral results emphasize academic self-concept as a key component with a unique contribution to the awareness and motivation to start the orientation process for a future study.
The relation between behavioral and neural correlates of academic self-concept
A second aim of this study was to examine the neural correlates of academic self-concept and relate these outcomes to individual differences in behavioral self-concept measures. We found mPFC involvement during the evaluations of academic traits compared to a control task. This
is consistent with prior studies investigating internal, character or competence traits (21, 22) , and a study investigating academic self-concept in adults (18). This effect was previously reported in van der Cruijsen et al. (23) in a larger sample with a wide age range that included the current sample. These results add to the existing literature by showing the mPFC is a robust area for supporting judgments about the self in the academic domain as well.
Different from results of van der Cruijsen et al. (18,23) , we did not find precuneus involvement for evaluating academic traits on the whole brain level, possibly because our sample was smaller. However, posterior precuneus activity was observed when we related neural responses to individual differences in academic self-concept positivity. Specifically, we found that this section of the precuneus was more active when adolescents rated themselves more positively on academic traits and competences. This is interesting, as we did not find this dependency for the mPFC. Other studies that have examined general self-concept have mostly found ventral mPFC to be sensitive to signaling personal significance, showing increased activation when stimuli are more self-relevant (37) . VMPFC responses have also been linked to positive valuation processes, which could be related to the idea that positive self-descriptions are often also simultaneously viewed as more self-relevant (17, 38, 23 ). This study suggests that for self-evaluations specific to the academic domain, posterior precuneus serves as an indicator for individual differences in the positivity with which adolescents describe their academic traits.
The precuneus has been found to be involved in the social brain network and activated during social cognitive processes, such as when one thinks about others and selves in social contexts (39) . Interestingly, a study focusing on the neural correlates of social comparison as one of the most omnipresent mechanism of social cognition, found that precuneus in particular was highly involved when adult participants compared their intelligence to other individuals (40) . In adolescence, the academic domain could be profoundly sensitive to social
comparison, as the classroom is a highly evaluative environment where comparison of performance and grades with classmates is often emphasized (41) . In previous studies, the exact location of precuneus activity differed between reports. In the current study, the precuneus region falls within the posterior part of the precuneus atlas, bordering but distinct from the lingual gyrus. An important direction for future research will be to examine the contribution of these different sections of the precuneus to individual differences in selfconcept.
The role of neural correlates of academic self-concept in future orientation
An important goal of this study was to test the contribution of behavioral and neural correlates of academic self-concept to whether adolescents are aware and motivated to start the orientation process for a study in higher education. These analyses resulted in two important findings. First, we found a positive relation between activity in the posterior precuneus when participants were evaluating their academic traits and the problems they encounter with future orientation. Specifically, adolescents who reported to have fewer problems with future orientation showed more precuneus activation when evaluating their academic traits.
Moreover, this relation was present for the evaluation of negative academic traits and the combination of positive and negative traits, but not for solely positive academic traits.
Possibly, variance in precuneus activity is largest for academic traits with a negative valence, such as "I am dumb" or "I receive low grades". These self-evaluations may be more salient for individuals who are more focused on study orientation.
Second, precuneus activity during these evaluations of negative academic traits specifically, mediated the relation between behavioral outcomes of academic self-concept and problems with orientation to future academic choice. That is, adolescents who evaluated negative academic traits as less applicable to themselves indicated they experienced fewer
problems with future orientation, and this relation was mediated by stronger precuneus activity. These findings suggest that the precuneus may be an important brain region that processes how adolescents evaluate negative academic traits, and subsequently influences how adolescents think about their future academic self through study orientation. It will be necessary to extent these findings using future longitudinal designs, but the findings fit with the presumed role of the precuneus in comparing self to others (40, 42) and may in the current context also reflect the process of comparing current to future self.
Limitations and future directions
This study has several strengths, among them the inclusion of a diverse set of behavioral academic factors and neural measures of academic self-concept. However, there are some limitations that should be addressed in future studies. First, our measures of academic performance consisted of an estimation of IQ and scores on a reading fluency test, whereas academic performance is generally measured by specific school grades or GPA. Although IQ and GPA have been found to be moderately correlated, academic performance measured by GPA is influenced by many more variables than IQ alone (43) . In future studies, it should be considered to include both measures of IQ and school grades to give a more accurate estimate of academic performance.
Although beyond the scope of this paper, it should be noted that the Dutch school system stands out by distinguishing between multiple types or tracks of secondary education.
These types differ in duration of the track as well as the academic level. Therefore, it is more difficult to compare grades into one GPA score, as a grade at a lower level does not evenly compare to a similar grade in a higher level. Moreover, because the duration of secondary education is dependent upon the type of program, students graduate at different ages. In this study, we did not select participants based on the educational track and therefore our sample A C C E P T E D M A N U S C R I P T 23 was too small to include the type of educational program in the analyses. However, it would be an interesting direction for future research to incorporate the variety of scholastic tracks into the study design, thereby investigating the possible influences of these differences on the educational decision-making process.
A final limitation of this study concerns the cross-sectional design. Although this study contributes to the understanding of the relation between the behavioral and neural indices of academic self-concept and the motivation to make future oriented academic choices, we cannot firmly conclude that measures of academic self-concept play an antecedent role in this motivation for future orientation. Future research would benefit by testing these relations using longitudinal designs.
Conclusions
We investigated the role a diverse set of academic factors, including measures of academic performance and behavioral-and neural correlates of academic self-concept, in relation with problems adolescents can experience with starting the orientation process for a future study. In summary, we observed that self-ratings on academic traits were related to future study orientation. Moreover, neural activity during academic self-evaluations were observed in medial PFC and posterior precuneus, but only precuneus activity was correlated to rating the self positively on academic traits. Most importantly, precuneus activity mediated the relation between self-ratings and problems with study orientation, possibly reflecting a role of present and future self-comparison (42) . These findings have several important implications for future research on study orientation. First, academic self-evaluations were a more important predictor for study orientation than cognitive performance, showing the importance of a broader definition of factors influencing future orientation (1, 3) . Second, an important question for future research will be to test the role of the precuneus in a longitudinal
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Taken together, these results demonstrate the importance of studying academic self-concept and its neural correlates in the educational decision-making process. 
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